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(57) [Abstract] 
[Objective] 

There is not a preferred haze in bottle, film etc for drawing 
and molding and it offers the method which produces 
transparent polyester. 

[Constitution] 

When polyester is produced from dicarboxylic acid 
component and glycol , youuse antimony compound which is 
displayed with below-mentioned Formula 1 as the 
condensation catalyst. 

Sb (S-R 1 -COOR 2 ) <sub>3 1 

(R 1 shows organic group of divalent of carbon number 1-10, 
R 2 shows organic group of univalent of carbon number 
1-10.) 

[Claim(s)] 
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[Claim 1] 

When polyester is produced from dicarboxylic acid 
component and glycol , youuse antimony compound which is 
displayed with below-mentioned Formula 1 as the 
condensation catalyst manufacturing methodo of polyester 
which is made feature 

Sb (S-R 1 -COOR 2 ) <sub>3 1 

(R 1 shows organic group of divalent of carbon number 1-10, 
R 2 shows organic group of univalent of carbon number 
1-10.) 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention is not a preferred haze in bottle, film or other 
production for drawing and molding and it issomething 
regarding method which produces transparent polyester. 

[0002] 
[Prior Art] 

polyethylene terephthalate (PET ) is superior in mechanical 
strength, chemical stability, transparency , etc widely is 
used asvarious sheet, film, container etc. 

And, PET from terephthalic acid or dimethyl terephthalate 
and ethyleneglycol with the esteriflcation, or ester exchange 
obtains bis (;be -hydroxyethyl ) terephthalate (low molecular 
weight polymer is included. ) in industrially isproduced this 
by method which condensation polymerization is done under 
high temperature, highly reduced pressure. 

[0003] 

When producing PET, antimony compound, especially 
antimony trioxide being inexpensive as catalyst of 
condensation polymerization, and because catalytic activity is 
superior, it ismost widely used. 

But, when antimony compound when it uses, as condensation 
catalyst it becomes color of ash color where polymer which is 
acquired blackens, when using, as film transparency 
decreases, using as fiber, whiteness decreases, becomes 
insufficient such as, quality of product decreases in vividness 
of dyed article. 

Especially when amount used of antimony compound it 
increases, because this mildew phenomena becomes 
considerable, catalyst amount must be held down, there was a 
problem. 
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[0004] 

7>^E>fc£&lcg-3<7K'J7-a)<-f*£<!? 
>^>i , b£$<Dil5cSftA< = 8i'b7>? 1: &> 

[0005] 

mz.i£*tt'&B8 36- 10847 m±m&vm 

39-6397 ^fglcli Sb 2 O s <D£5&:£fiBa)7> 
^Xb^tt*** ft&BS 43- 15999 -5|^$8I::|* 
(C 6 H 5 ) 3 SbO XI*(CH 3 ), Sb(OH) 2 (Dcfc^&Efffi 
OT^T^^Xb^&A^ 1#^Bg 46-3998 # 

^E>^A<. *L"C ft&BS 53-1320 

Lfc<b£^C0«tt7>?^>i£fc£A<^£;h,-C 
L^o 

C*lb(D7>?^EMb£8jl*, l^rfttTK'Jv- 
0<-T^^i6M<b$1i--S(DlcliW3a^fc'5A^ 
Sb 2 0 5 0<fc5fc£ll<D7> i 5 1; E>i'b£$!lf* = & 
^bT^^XCtfc^rziXK^iJ^c 

C 12 &±0>flgfl*j£*;U;K>gg0)7>^FE> 
. ^^(DteMSbStfEfiicDT^^Xb 

fcfts an^asjws-F-rati^isiHtffco 

[0006] 
[0007] 



[0004] 

dullness of color of polymer which is based on antimony 
compound is cancelled, in basic when reduction potential of 
antimony compound in condensation polymerization inside of 
system uses antimony trioxide comparing, if you should have 
used antimony compound which is difficult to bereduced in 
antimony compounds namely, condensation polymerization 
kind of system which becomes high. 

[0005] 

From this kind of background, antimony compound -based 
catalyst which does not cause dullness of color in polymer is 
proposed various. 

In for example Japan Examined Patent Publication Sho 36- 
10847 disclosure and same 39 - 6397 disclosure antimony 
compound of pentavalent like Sb 2 0 5 , in Japan Examined 
Patent Publication Sho 4 3- 15999 disclosure (C 6 H 5 ) <sub>3 
Sb O or (CH 3 ) <sub>3 Sb (OH ) organic antimony compound 
of the pentavalent <sub>2 way, in Japan Examined Patent 
Publication Sho 46-3998 disclosure antimony salt of aliphatic 
carboxylic acid above the C, 2 , and, in Japan Examined Patent 
Publication Sho 5 3- 1320 disclosure the;al -hydroxy 
carboxylic acid or the;al and the;be -dicarboxylic acid among 
oxygen atom, annular antimony salt etc of compound which 
substitutes at least one with sulfur is shown. 

These antimony compound, in each case in order reduction to 
do dullness of color of the polymer, are effective, but as for 
antimony compound of pentavalent like Sb 2 0 5 cost is high in 
comparison with antimony trioxide. 

In addition, because as for antimony salt of aliphatic 
carboxylic acid above C 12 ,reducing effect of dullness of color 
in addition to being a unsatisfactory in comparison with 
antimony compound of pentavalent, condensation 
polymerization velocity is slow, it is necessary to use for large 
scale in comparison with antimony trioxide, as industrial 
catalyst it is notsomething which it should be satisfied. 

In addition, case of condensation polymerization ring opening 
it does antimony salt of the annular, this reacts with polymer 
and in order capped chain to do the end group, there was a 
problem that condensation polymerization velocity decreases. 

[0006] 

[Problems to be Solved by the Invention] 

It is something which this invention using antimony 
compound as condensation catalyst, trieswill not be a dullness 
of color and to offer method which produces polyester which 
is superior in transparency. 

[0007] 
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[0008] 

-tfct?*.* *sg0jj©gti** i>i3)i>#>mf$.# 

Sb(S-R' -COOR 2 ) 3 1 

(R 1 llttXtt 1-10 © 2 «©*****L»R 2 

i*tg**t4 i~io© i fls©*«tt$$r.) 

[0009] 

KIT* **wi=oi»rB*i=»wr*. 

[0010] 

fV^UgL Tvt°>||* □A^Bf0y*;i/ 
[0011] 

?'J=i-;u* l, 4-^>i?^--;u s i, 3-^P/"?> 
v;J--;u* 1, 6-^-9->i?^--;u&i; i, 4-v<7 

Cftb^iftirL* ^x^b>7U=i-;u* tfijx 

x^xy-^ a oi^uyt^mmm. ex 

7xy-jU S ©X^U>^i/KWA0^, 
[0012] 

£fc* M^ftlC* X3.x ;HbJ5l£fc-i>l,M*X 

mm. mttojtftmomto 



[Means to Solve the Problems] 

these inventors is not a dullness of color in order to solve 
above-mentioned problem result of diligent investigation, 
specific antimony compound as condensation catalyst by 
using, canacquire polyester which is superior in transparency 
to discover.it arrived in this invention. 

[0008] 

As for gist of namely, this invention, when polyester is 
produced from the dicarboxylic acid component and glycol , 
antimony compound which is displayed with 
thebelow-mentioned Formula 1 you use as condensation 
catalyst there is a manufacturing method of the polyester 
which is made feature. 

Sb (S-R 1 -COOR 2 ) <sub>3 1 

(R 1 shows organic group of divalent of carbon number 1-10, 
R 2 shows organic group of univalent of carbon number 
1-10.) 

[0009] 

You explain in detail below, concerning this invention. 
[0010] 

It can use terephthalic acid or dimethyl terephthalate desirably 
as dicarboxylic acid componentwhich is used with this 
invention. 

It designates these as main component, it is possible to jointly 
use the isophthalic acid* phthalic anhydride* 
2,6-naphthalenedicarboxylic acid* 5-sodium sulfo isophthalic 
acid* adipicacid* succinic acid or other dicarboxylic acid 
and those lower alkyl ester and p- hydroxybenzoic acid or 
other hydroxycarboxylic acid as copolymer component. 

[0011] 

It can use ethyleneglycol* 1, 4- butanediol* 1, 3- 
propanediol* 1, 6-hexanediol and 1 and 4 -cyclohexane 
dimethanol desirably as glycol which isused with this 
invention. 

It designates these as main component, it is possible to jointly 
use as copolymer component such as diethylene glycol and 
ethylene oxide adduct* xylylene glycol of ethylene oxide 
adduct* bisphenol S of polyethylene glycol* neopentyl 
glycol* bisphenol A. 

[0012] 

In addition, at time of condensation polymerization, 
stabilizer* lubricant* antioxidant or other additive like 
catalyst and phosphorus compound which are added at time of 
esterification reaction or ester exchange reaction having 
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xx-f;HfcJ5JSl* 245-260 deg C (DifrfeVfr 
30>;!)<»£L<*«|g£gl£l* 5hPa &lTO)M 
M&T\ ^'JXXxyK^jli^-aOO deg C CDSJg 

300 degC^&K.-ixbK'JT-fl) 

[0015] 

[0016] 
[fcl] 
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coexisted,it does not become inconvenient. 
[0013] 

When copolymer component is added generally, condensation 
polymerization speed becomes slow but, with method of this 
invention, increasing addition quantity of antimony 
compound, because the dullness of color does not occur in 
polymer, increasing addition quantity of antimony 
compound,it increases reaction rate, it is possible , 
productivity can producealso copolyester well. 

[0014] 

Executes method of this invention, according to 
manufacturing method of conventional PET to be possible, 
esterification reaction doing for example terephthalic acid and 
ethyleneglycol , condensation polymerization doing the 
reaction product next, it does with method which it makes 
polyester of the predetermined intrinsic viscosity it is 
possible . 

As for esterification reaction it is desirable to do with 
temperature of 245 - 260 deg C, condensation polymerization 
with high vacuum of 5 hPa or less, doing with temperature of 
melting point~300 deg C of polyester is desirable. 

When condensation polymerization temperature exceeds 300 
deg C, because hue of polymer deteriorates, it is not desirable. 

[0015] 

antimony atom has connected antimony compound which is 
used with this invention, with sulfur atom in mercapto 
carboxylic acid, it is necessary . 

Next kind of ones can be listed as concrete example of this 
antimony compound. 

[0016] 

[Chemical Formula 1] 
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Sb (S-CHj-COOCH,), 



Sb (S-CH-COOCH,), 
l 

CH 8 



Sb (S-CH-COOCjHOa 
i 

CHj-COOCtHs 



CHb 
I 

Sb (S-C-COOCH,), 
CH» 



C,H 6 

Sb (S-C-COOCH.t). 
C,H 6 



Sb (S-CH 2 -CH 2 -COOC 8 H 17 ) 8 

[0017] 
[0018] 



[0017] 

As description above it melts antimony compound, easily 
inside polymerization reaction system of polyester, but with 
insoluble , with room temperature hydrolysis is notreceived to 
water for most part. 

In addition, when in these antimony compound with liquid, 
throwing to reactor with ambient temperature, there are also 
some which do not have necessity tomelt in glycol etc. 

[0018] 

In addition, it can add antimony compound to time of option 
to condensation polymerization first stage, but, it adds 
immediately before condensation polymerization it 
isdesirable. 
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[0019] 

Regarding to this invention, antimony compound is used in 
range of 4 X 10* 5 ~4 X 10 3 mole usually,as number of moles of 
antimony atom for acid component 1 mole of starting 
material. 

When amount used of antimony compound is less than 4 X 
10" mole, does condensation polymerization the sufficient 
catalytic activity is not acquired. 

In addition, using more than 4 X 10" 3 mole, because effect is 
saturated,there is not meaning in regard to utility. 

[0020] 

In addition, it is possible to jointly use other condensation 
catalysts for example germanium oxide % tetrabutyl titanate 
etc in therange which does not impair effect of this invention. 

[0021] 

[Working Principle] 

As condensation catalyst has used antimony compound of 
polymer which is acquired inspite, shows transparency which 
is superior with method of this invention. 

As for this, as for antimony compound which is used with this 
invention, solubility to in polyester is high because it is a 
compound which is difficult to bereduced and also, in 
comparison with antimony trioxide , for sake ofprecipitation 
of metal antimony which becomes cause of dullness of color 
in the condensation polymerization process, is little it is 
recognized. 

[0022] 

[Working Example(s)] 

Next, listing execution example, you explain this invention 
concretely. 

property value of polyester measured furthermore, in Working 
Example thefollowing way. 

transparency of (a ) molten polymer 

With panel member of 5 persons which are elected in random, 
it decided presence or absence of dullness of color with 5 
steps 1 - 5 with naked eye , with the point total evaluation did 
with next 3 stages. 



0(fi») 




:20 Ot 








0 (Satisfactory) 


: 20 or greater 


A(^MW):15 Ot 20 
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* (A little satisfactory): Under of 15 or greater 20 
— __________ 



X (deficiency ) 



15 under 



(b) 7U-h 



(b ) plate 



-X 



^U-Hc|taj«»Lr(BE»aS 285 degC). 
1+ MODEL 1001DP T*mmLtz(£.%:^—X 

0%)o 

&\s-b^-x®mm^mmwT*$>v. 10 

(c) tiHttJtC t? ] 

>§^<kLT, ££ 20.0 deg C Tf SSLfc. 

(d) fem 

B*tftI*a«©ft«rND ISOSI^ffltN 
TilSLfc. 

feSS©«Sl*,/\>4i-(D Lab afel+T^o 

TKU^-OfeBtLTI* L fit#*£lM5,k\ a fit 

b »tf/h*lMS£ S»T*fc*o 
[0023] 

eX(^-tKP+vX^)xU7^L/~h(BHET) 
&lX^<DfiM£(*(D#£t-6xx^;Mb££ 

(EG)<t<7)^Utt 1/1.6 ©x^'J-Silttttlctt 
$&Ls 250 deg C, 49hPaG s ;$gR$Fe1 
8 B*ra©£f*-eKJ£*li\ ¥fc)fi£Jf 7 0XX 

co>x;vf ;Mb£/?)c$i 60k g ^Jgjfc^tcttix 

W^O^frtyLtLX 4xio- 4 ^E;UCD7>5 1: E>h 



injection molding doing in plate, (molding temperature 285 
deg C ), evaluation it did clarity of the plate with turbidity 
meter model 1001 DP of Nippon Denshoku Kogyo K.K. (DB 
69-244-3708 ) supplied, (air: haze 0% ). 

(When value of plate haze is small, with transparent , it made 
under lOpassing. ) 

(c ) intrinsic viscosity [;et] 

With equal weight blend of phenol and tetrachloroethane as 
solvent, it measuredwith temperature 20.0 deg C. 

(d ) color 

It measured making use of color difference meter ND 
Model :si 80 of Nippon Denshoku Kogyo K.K. (DB 
69-244-3708 ) supplied. 

It decided color, with Labsurface color meter of Hunter. 

As for L value lightness (Extent whose value is large it is 
bright. ), as for a value red -green hue of system (As for + as 
for redness. - greenishness ), as for b value hue (As for + as 
for yellowing* - blueness ) of yellow-blue type isdisplayed. 

When L value is large as color of polymer, if extent where a 
value is close to 0, in addition it does not become 
extremelysmall when b value is small, it is satisfactory. 

[0023] 

Working Example I 

bis (;be -hydroxyethyl ) terephthalate (BHET ) and in 
esterification reaction can where its low molecular weight 
polymer exists, the terephthalic acid (TPA ) with 
ethyleneglycol (EG ) with it supplied slurry of mole ratio 
1/1.6 to continuous, reacted with condition of temperature 250 
deg C, pressure 49 hPaG. residence time 8-hour, acquired 
esterification product of average degree of polymerization 7 
in continuous. 

This esterification product 60 kg was inserted in reactor , 2 
hours condensation polymerization were done with 
temperature 280 deg C* pressure 0.9 hPa including antimony 
tris (octyl thio glycolate ) of 4 X 10" 4 mole as number of moles 
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frotz. 



£tzs JllStelf 0.76dl/g. L fi 69.0, a <I+0.5 % 
b fil+7.0 . Zfis— h'N— X 2.4%T*feofc. 

[0024] 

mmm 2-7 &.vit®m 1-3 

*.tzVL9Uts mmm 1 twimizLx^j^T-^ 

nztitzttw-ofttemzm 1 \zth? 0 



[0025] 

nmm& 

TPA26.6kg.BHET 8.0kg. 1, 4-v^P^^F"9-> 
II 23.1kg. EG 2.5kg S^t'X^x/— 
;u S (DX^U>^-+vK#ttl^ 6.8kg JlXf 
JMbJSJSft|::tt&,?K Sg£ 260degCt?4B#rBl 

>JS^©^iU»tLT 4x lO^JKOT:^^/ 
280 deg C. 0.9hPa 3 B#P B *1SJg£5JS£ 



[0026] 
[S l] 
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of antimony atom for the acid component 1 mole as catalyst. 

As for polymer which it acquires transparency when melting 
beingsatisfactory, as for dullness of color which blackens it 
was not recognized. 

In addition, intrinsic viscosity 0.76 dl/g s L value 69.0* a 
value+0.5 * b value + 7.0, it was a plate haze 2.4%. 

[0024] 

Working Example 2-7 and Comparative Example 1-3 

types of antimony compound and other than changing its 
addition quantity, polyester was produced to similar to 
Working Example 1. 

property value of polymer which it acquires is shown in Table 
1. 

[0025] 

Working Example 8 

ethylene oxide adduct 6.8 kg of TP A 26.6 kg. BHET 8.0 kg, 
1,4- cyclohexane dimethanol 23.1 kg s EG 2.5 kg and 
bisphenol S was inserted in esterification reaction can, 4 hours 
esterification reaction were done with temperature 260 deg C, 
3 hours condensation polymerization were done with 
temperature 280 deg C % pressure 0.9 hPa including antimony 
tris (octyl thio glycolate ) of 4 X 10" 4 mole as number of moles 
of antimony atom for the acid component 1 mole liquid 
transport after doing, as catalyst in polycondensation reactor. 

property value of polymer which it acquires is shown in Table 
1. 

[0026] 
[Table 1] 
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[0027] 

A<^<iPi±-r§ 0 



[0027] 

[Effects of the Invention] 

According to this invention, polyester which possesses 
transparency which issuperior is produced becomes possible. 

In addition, quantity where antimony compound is reduced to 
metal antimony with condensation polymerization process 
decreases, because antimony compound concentration with 
respect to substancebecomes high, productivity improves 
largely. 

Furthermore, because there is not a dullness of color of 
polymer, also beingpossible to make amount of catalyst used 
many, productivity be able to improve rapidly,also operation 
is satisfactory, polymer which is acquired is usedfor ideal as 
molded article and one for film where transparency isneeded. 
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